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[57] ABSTRACT

A liquid crystal display and a method for manufacturing
the same wherein the light transmissivity of selected
regions of the indium tin oxide film forming the com-
mon electrode on a first substrate is decreased and the
regions are made substantially non-reflecting by reduc-
ing the oxygen content of the film. The shading material
thus produced does not reflect light to the thin film
transistors which control the picture elements on a
second, facing substrate and therefore does not affect
their operation. Reduction 1s accomplished by provid-
ing a protective mask for areas that are not to be re-
duced, immersing the substrate containing the thin film
with the protective mask applied thereto in an electro-
lyte, and applying a voltage sufficient to reduce the
indium tin oxide in regions unprotected by the mask.
‘The mask, which may be a photoresist, is then removed
and the substrate may be incorporated into the display.

18 Claims, 3 Drawing Sheets
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LIQUID CRYSTAL DISPLAY HAVING REDUCED
ITO SHADING MATERIAL AND METHOD OF
MANUFACTURING SAME

FIELD OF THE INVENTION

The present invention relates to liquid crystal dis-
plays. More particularly, it relates to liquid crystal dis-
plays having a shading member, and a method of manu-
facturing such displays.

BACKGROUND ART

U.S. Pat. No. 4,568,149 discloses that a shading mem-
ber composed of, for example, aluminum may be pro-
vided between adjacent color filters (that is, between
adjacent picture elements) on a transparent electrode
formed of indium-tin-oxide (hereinafter abbreviated to
ITO) or a mixture of indium oxide (In2O3) and tin oxide
(SnO3).

The method taught by this patent requires a large
number of manufacturing steps, including a film form-
ing step for making a transparent electrode, a film form-
ing step for making a shading member, and an etching
step for making the shading member. Moreover, the
shading member projecting from the transparent elec-
trode makes an injection of liquid crystal material diffi-
cult. Further, as the shading member is formed of a
metal such as aluminum, the light from a back hght 1s
reflected by the shading member, and enters the thin
film transistor provided on the substrate which faces the
substrate on which the shading member s disposed.
This may adversely affect the characteristics of the thin
film transistor.

U.S. Pat. No. 4,733,948 discloses that a shading mem-
ber composed of, for example, aluminum may be pro-
vided at a position between adjacent color filters on a
transparent electrode disposed on one of two opposing
substrates and facing a thin film transistor disposed on
the other substrate.

The methods disclosed in this patent, as is the case for
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U.S. Pat. No. 4,568,149, requires a large number of steps .

including a film forming step for making a transparent
electrode, a film forming step for making a shading
member, and an etching step for forming the shading
member.

Japanese Published Unexamined Patent Application
(PUPA) 62-135809 discloses that a photoresist may be

applied to a transparent conductive film composed of

ITO which is provided on a transparent substrate, fol-
lowed by exposure and development, thereby pattern-
ing the photoresist. Then the part of the transparent
conductive film not coated with the photoresist is re-
moved by etching, and using the patterned photoresist
as it is as a masking material, a shading layer is formed
of metal oxides in the region where no transparent con-
ductive film is provided on the substrate.

The method disclosed in PUPA 62-135309 does not
require the etching step for forming the shading layer,
but does require the etching step for forming a transpar-
ent electrode, and also necessitates a film forming step
for forming a transparent electrode and another film
forming step for forming a shading layer.

Japanese PUPA 63-74033 discloses applying a photo-
resist on an ITO film; forming a pattern by exposure and
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development through a mask, then removing the part of 65

the ITO film not coated with the photoresist by etching,
and reducing the remaining ITO film as it is with the
photorsist deposited thereon in a hydrogen plasma,

2

thereby lowering the resistance of each side of the ITO
film which has been patterned.

PUPA 63-74033 relates to the reduction of and ITO
electrode, but is intended to lower the resistance of the
ITO electrode, and does not suggest the use of the mate-

rial obtained by reducing ITO as a shading material.

SUMMARY OF THE INVENTION

It is a principal object of the invention to provide a
liquid crystal display which permits reducing the num-
ber of manufacturing steps for forming the shading
material, and diminishes the reflection of light by the
shading materal.

It is another object of the invention to provide a
liquid crystal display which does not exhibit a displace-
ment in the level between the transparent electrode and
the shading member.

It is still another object of the invention to provide a
manufacturing method for a liquid crystal display
which permits reduction in the number of manufactur-
ing steps, for forming the transparent electrodes and the
shading member.

In accordance with the invention, the material ob-
tained by reducing ITO is used as a shading material, for
example, between picture elements of a liquid crystal
display. As the ITO is reduced, its light transmission
diminishes to a low enough level for the product to be
used as a shading material. Because the region adjacent
to the transparent electrodes each of which composes a
picture element electrode is generally where the shad-
ing is needed, the necessary shading member may be
formed by reducing the region of ITO which 1s not
protected with a mask, while protecting with the mask

the ITO region which is to be used as the transparent

electrode. Because this shading member is to exist. in a
single layer film of ITO, no difference in level occurs
between the shading member and the transparent elec-
trode. In addition, there is no need to separately form a
film for forming the shading member, thus reducing the
number of manufacturing steps. Furthermore, because

the material obtained by reducing ITO causes only a
small amount of light reflection, use of this material as a

shading member does not adversely affect the charac-
teristics of the thin film transistor facing the shading
member because light is not reflected to the transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a portion of an
embodiment of a liquid crystal display according to the
invention;

FIG. 2 is an exploded perspective view of the liquid
crystal display shown in FIG. 1;

FIG. 3 is a flowchart showing an embodiment of the
method for forming the shading member or a black
matrix in an ITO single layer film;

FIG. 4(a) to FIG. 4(d) are cross-sectional views of
the successive steps shown in FIG. 3; and

FIG. 5 is a graph illustrating the light transmission of
the shading member formed by the method of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, between a thin film transistor
(TFT) array substrate 10 and a facing substrate 12
which are arranged in a spaced parallel relationship to
each other, a nematic liquid crystal material 14 is filled.
The TFT array substrate 10 and the facing substrate 12
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are both formed of a transparent glass. On the TFT
array substrate 10, a thin film transistor (TFT) is formed
for each picture element. That i1s, on the TFT array
substrate 10, a gate electrode 18 is formed. A gate insu-
lation film 20 formed on the gate electrode 18. On the 5
gate 1nsulation film 20, an amorphous silicon semicon-
ductor layer 22 1s formed. A drain electrode 24 and a
source electrode 26 are connected to the semiconductor
layer 22. The drain electrode 24 and the source elec-
trode 26 are insulated from each other. 10

As shown in FIG. 2, the gate electrode 18 is con-
nected to an address line 18A, and the drain electrode
24 to a data line 24D. The source electrode 26 is con-
nected to a picture element electrode 28 consisting of
ITO. | 15

On the facing substrate 12, a common electrode 40 of
ITO and a shading material or black matrix 42 consist-
ing of a material obtained by reducing ITO are formed.
The common electrode 40 and the shading member 42
are in the same plane (and of the same thickness), and 20
there is thus no difference in level between them. As
shown in FIG. 2, the shading member 42 is formed in a
region which covers an area not occupied by the pic-
ture element electrodes 28 on the TFT array substrate
10. Thus, the shading member 42 is formed in the region 25
facing the address line 18A, data line 24D and the amor-
phous silicon semiconductor layer 22.

On the semiconductor layer 20, drain electrode 24,
source electrode 26 and the picture element electrodes
on the TFT array substrate 10, there is formed an orien- 30
tation film 30 for orienting the molecular axis of the
hquid crystal material in a predetermined direction.
Another orientation film 50 for orienting the molecular
axis of the liquid crystal material in a predetermined
direction is formed on the common electrode 40 and on 35
the shading member 42.

A backlight 60 is provided on the side of the TFT
array substrate 10. The shading member 42 formed of a
material obtained by reducing ITO not only prevents
the light incident on the side of the facing substrate 12 40
from entering the semiconductor layer 22, but also,
because of the small reflection factor of the shading
member 42, does not allow the light received from the
backlight 60 through the transparent picture element
electrodes 28 to reflect and enter the semiconductor 45
layer 22.

FIG. 3 shows an embodiment of the method for form-
ing the shading member or black matrix 42 in the ITO
single layer film. FIG. 4(q) to FIG. 4(d) repesent the
respective steps shown in FIG. 3. An ITO film 40 is 50
formed on substrate 12 (step 102 of FIG. 3 and FIG.
4(a)). Then, photoresist 200 is coated on the overall
surface of the ITO film 40 (step 104 of FIG. 3 and FIG.
4(b)). Then, by using a photomask which covers only
the region corresponding to the picture element elec- 55
trodes 28, (which, in other words, permits light to pass
through the region corresponding to the semiconductor
layer 22, the address line 18 A and the data line 24D), the
photoresist 200 1s exposed, and developed. Then, only
the part of the photoresist which has been exposed 60
remains unremoved (step 106 of FIG. 3 and FIG. 4(¢)).

Then, the glass substrate 12 having thereon the ITO
film 40 patterned with the photoresist 200 as described
above i1s immersed in a conductive solution 202 contain-
ing hydrogen H, as shown in FIG. 4(d). The cathode of 65
a DC power source 210 1s connected to the ITO film 40.
An anodic electrode 206 connected to the anode of
source 210 is immersed in the conductive solution 202,

4

and voltage is applied between the ITO film 40 and
anodic electrode 206. Then, the following reactions
take place in the ITO film 40 (the cathode):

InoO34-3H>—2In+43H50
Sn0O3+2H3—5n+2H-,0

(ITO=1In30345n0;)

In this manner, the percentage of metal components
in that part of the ITO which is not coated with the
photoresist 200 increase, or the ITO i1s reduced (step 108
of FIG. 3). As a result, the light transmission in that part
diminishes, thus providing a shading member 42.

The reduction of the ITO film may be performed by
applying a voltage of —20V to the ITO film (5% by
weight of Sn0O; and 95% by weight of InO3) for 3 min-
utes, using a 0.03% by weight citric acid solution as the
conductive solution or electrolyte containing hydrogen.
As shown in FIG. §, a 10% to 20% transmissivity may
be attained in the visible ray wavelength region (about
400 nm to 700 nm). These values are low enough for the
matenal to be used as a shading member.

In addition, no difference in level occurred between
the common electrode 40 and the shading member 42;
the surface of each was disposed in the same plane.

The reduction is believed to depend on both voltage
and time. Thus, if a sufficiently long time is expended,
an even lower voltage, for example, as low as 10V, may
be applied to the ITO film.

Further, any solution which is generally useable for
an anodic oxidization process may be used as the hydro-
gen containing conductive solution.

‘The smaller the amount of oxygen in the ITO film,
the lower the light transmission. By expending a suffi-
ciently long time for reduction, the light transmissivity
may be brought near 0%, but as it approaches 0%, the
black materal changes to a material having a metallic
luster, which reflects the light from backlight 60, thus
illuminating the semiconductor layer 22, and thereby
producing photo-leakage current in the thin film transis-
tors. It is for this reason that a light transmissivity of
about 10 to 20% for the shading member 42 is consid-
ered appropriate.

Since the ITO film is used not only as the raw mate-
rial of the shading member 42, but also as the transpar-
ent common electrode 40, the low resistance thereof
should be maintained without any significant modifica-
tion. From this standpoint, the composition of ITO
(defined as In03:Sn0Oj) should desirably range from
(95% by weight: 5% by weight) to (85% by weight:
159% by weight).

Thus, as described herein, this invention advanta-
geously provides for diminishing the reflectivity of the
shading member, without causing any difference in the
level between the shading member and the transparent
electrode. Further, it permits reducing the number of
steps for manufacturing the transparent electrode and
the shading member.

While this invention has been described in connection
with a specific embodiment, it will be understood that
those with skill in the art may be able to develop varia-
tions of the disclosed embodiment without departing
from the spirit of the invention or the scope of the fol-
lowing claims:

What is claimed is:

1. A hquid crystal display comprising:
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a first substrate;

an electrode disposed on said first substrate and hav-
Ing a composition containing indium tin oxide, said
electrode having a selected region thereof reduced
to lower the oxygen content in said selected region
so that the transmissivitity of said selected region is
substantially reduced with respect to said portions
of said electrode other than said selected region.

2. The hiquid crystal display of claim 1 wherein the
selected region is substantially non-reflective of light.

3. The liquid crystal display of claim 1 wherein said
selected region has a light transmissivity of between
approximately 10% and 20%.

4. The liquid crystal display of claim 1 wherein the
selected region has a thickness equal to that of said
electrode outside said selected region.

5. The liquid crystal display of claim 1 wherein the
surfaces of said selected region and the surfaces of said
electrode at portions thereof not in said selected region
are coplanar.

6. The hquid crystal display of claim 1 further com-
prising a second substrate having picture elements
thereon, said second substrate being disposed in facing
relationship to said first substrate; wherein said selected
region 1s disposed on said electrode to have portions
opposite parts of said second substrate other than said
picture elements.

7. The lhiqud crystal display device of claim 6
wherein said parts of said second substrate other than
said picture elements have a thin film transistor disposed
thereon.

8. The liquid crystal display of claim 1 wherein the
indium tin oxide has a composition ranging from ap-
proximately 95% by weight In»O3 and 5% by weight
SnQj to approximately 85% by weight InyO3 and 15%
by weight SnO;.

9. A method for manufacturing a liquid crystal dis-
play comprising the steps of:
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6

forming indium tin oxide film on a transparent sub-

strate; and

reducing at least one selected region of said film in

order to-decrease light transmissivity of said region
of said film.
10. The method of claim 9 wherein said light trans-
missivity 1s reduced to between approximately 109 and
approximately 20%.
11. The method of claim 9 wherein in the at least one
selected region the film is substantially non-reflective of
light.
12. The method of claim 9 wherein the indium tin
oxide has a composition ranging from approximately
95% by weight InyO3 and 5% by weight SnO; to ap-
proximately 85% by weight Inp0O3 and 15% by weight
SnO:s.
13. The method of claim 9, further comprising the
steps of: |
providing a protective mask on portions of the film
other than said at least one selected region;

immersing said film with said protective mask
thereon in an electrically conductive solution con-
taining hydrogen; and

applying a voltage to said film in said electrically

conductive solution so as to cause reduction of said
film.

14. The method of claim 13 wherein said protective
mask 1s a photoresist.

15. The method of claim 13 wherein said electrically
conductive solution contains approximately 0.03% by
weight citric acid.

16. The method of claim 13 wherein said voltage is
approximately —20 volts.

17. The method of claim 13 wherein said voltage is
between approximately —10 volts and approximately
— 20 volts.

18. The method of claim 13 further comprising the
step of removing the protective mask after the film has

been reduced 1n said at least one selected region.
* % Xx % *
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